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RELATION OF THE ACTION OF CERTAIN BACTERIA 
TO THE RIPENING OF CHEESE OF THE CHEDDAR 
TYPE 


By E. B. Hart, Chemist, Wisconsin Agricultural Experiment Station; E.G. Hastincs, 
Bacteriologist, Wisconsin Agricultural Experiment Station; E. M. Furnt, Chemist, 
Dairy Division, Bureau of Animal Industry; and Auice C. Evans, Bacteriologist, 
Dairy Division, Bureau of Animal Industry 


INTRODUCTION 


The ripening of Cheddar as well as other varieties of cheese has been 
studied by a large number of investigators. The decomposition of the 
protein and the nitrogenous substances thereby produced have been 
quite thoroughly studied in Europe and America. ‘These studies have 
involved both hard and soft cheeses. The nature of the nonnitrogenous 
substances formed during fermentation in cheese, such as fatty acids, 
alcohol, esters, and aldehydes, has received less attention, but there can 
be no doubt that they contribute to the aroma and also to the taste of 
the product. In their relation to flavor they are equally, if not more, 
important than the nitrogenous substances. 

According to present views, the factors involved in the curing of 
Cheddar cheese are the pepsin contained in the rennet; the activating 
lactic acid formed from lactose fermentation; galactase, the proteolytic 
enzym of milk; other inherent enzyms of milk; and certain biological 
agents other than those simply concerned in the first lactose fermentation. 

Investigations at the Wisconsin Agricultural Experiment Station and 
the New York (Geneva) Agricultural Experiment Station have shown 
that the inherent enzyms of milk and rennet fail to produce the typical 
Cheddar cheese flavor. This has led to a more extensive investigation 
of the biological factors of Cheddar cheese ripening. 

In an earlier publication from the Wisconsin station (Suzuki, Hastings, 
and Hart, 1910)* both volatile acids and esters were separated and iden- 
tified from curing Cheddar cheese, but no data concerning the factors 
operative in their origin were presented. In a later publication (Hast- 
ings, Evans, and Hart, 1912) work was reported that showed the pres- 
ence and persistence in this type of cheese of three groups of organisms, 
the Bacterrwm lactis acidi group, the B. casei group,’ and possibly a group 
of coccus forms. 


1 Work of the Department of Agriculture in cooperation with Wisconsin Agricultural Experiment 
Station. 

? Bibliographic citations in parentheses refer to “ Literature cited,” p. 214-216. 

8 The organisms of the Bacterium casei group appear in the literature under a number of names, the most 
common being “lactic bacilli,” “ Bacterium bulgaricus” or “‘ Bacterium bulgartcum,”’ “ Bacterium casei,” 
and the “ youghurt bacillus.” ‘The name “ Bacterium casei” will be used in this article. 
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In a preliminary investigation of the nonnitrogenous constituents of 
Cheddar cheese (unpublished data) the very pronounced differences that 
were expected in the quantity and variety of volatile acids, esters, and 
alcohols in good and poor types of cheese were not found. But since 
there were certain differences which could be only of biological origin, it 
was believed essential to this problem that the substances formed by 
the specific groups of organisms normally present in cheese be more 
carefully studied. For this reason it was decided to extend the investi- 
gation to an examination of the substances produced by representatives 
of the groups that had been found to be present in cheese in such num- 
bers that it was evident that they must be of importance in the ripening 
process. In this way it was hoped to find the groups of organisms to 
which might be assigned responsibility for the production of definite 
nonnitrogenous compounds that could be correlated with flavor produc- 
tion. The compounds particularlysought were the alcohols and esters 
and caproic and butyric acids. Formic, acetic, propionic, lactic, and 
succinic acids were also included in the list of substances to be isolated. 
To some extent the sources of these bodies were also studied. ‘This 
paper is a progress report on this phase of our work. 

Ferdinand Cohn (1875) was the first to connect the cheese-ripening 
process with the activity of bacteria. Duclaux (1894, p. 265-267) 
considered that the volatile fatty acids found in cheese arose from the 
action of the bacteria on casein and from the hydrolysis of the fat. He 
believed also that butyric acid was a source of other volatile acids, the 
butyric acid arising partly from fat decomposition and partly from 
decomposition of casein. Baier (1895), Von Klecki (1896), and Weig- 
mann (1896, 1898) believed butyric-acid bacteria to be of importance 
in the ripening of cheese. Von Freudenreich (1897, 1902) attributed to 
the lactic-acid bacteria the principal réle in the ripening process, especially 
in Emmenthaler cheese. Jensen (1904) in his work on Emmenthaler and 
other European cheeses has contributed much to the gereral subject of 
the chemistry and bacteriology of cheese ripening and in agreement 
with Von Freudenreich gives to the lactic-acid-producing organisms very 
great importance in the ripening process. Suzuki, Hastings, and Hart 
(1910) have investigated the source of the volatile acids and the forms 
of lactic acid found in American Cheddar cheese, studying in connection 
with these subjects the decomposition of lactose, lactates, fat, proteins, 
and glycerin. 

The constituents of a fresh cheese mass which can be sources of the 
nonnitrogenous bodies under consideration are paracasein, fat, lactose, 
lactates, and citrates. From paracasein there arises gradually during 
the ripening process a series of nitrogenous compounds which have been 
fairly well investigated (Winterstein; Steinegger; Benecke and Schulze; 
Van Slyke and Hart, Apr., 1903, and July, 1903; Dox). At least three 
of these—namely, cadaverin, putrescin, and ammonia—are slightly 
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volatile and probably can influence the aroma of cheese. The other 
nitrogenous end-products undoubtedly are factors in the flavor production, 
and influence taste. 

It is known that proteolysis gives rise also to volatile fatty acids, 
particularly butyric acid. In addition, milk fat, which is present to a 
large extent in the cheese, is a source of caproic and butyric acids through 
bacterial and enzymic action. The glycerin of the fat after hydrolysis by 
biological agencies is a source of acetic and propionic acids under the in- 
fluence of further fermentation (Suzuki, Hastings, and Hart, rg10). That 
decomposition of fat occurs during cheese ripening, giving rise to caproic 
and butyric acids, has been shown by a number of workers. Duclaux 
(1894, p. 286) found that this occurred to quite an extent, giving rise to 
free volatile fatty acids. Weigmann and Backe (1898) point to the pres- 
ence in ripe cheese of free nonvolatile acids, such as oleic, palmitic, and 
stearic, as an indication of fat decomposition in the cheese-ripening 
process. Kirsten (1898, p. 1), however, thought these higher acids 
could arise from paracasein and claimed that fat decomposition in 
ripening cheese is almost imperceptible. Jensen (1904, p. 319) has 
shown that very probably fat decomposition does take place with pro- 
duction of fatty acids during cheese ripening. The lactose fermentation 
produces, besides lactic acid, formic and propionic acids, and under 
certain conditions butyric and caproic acids also are formed (Suzuki, 
Hastings,and Hart, rg10). Calcium lactate, according to Fitz (1878, p.51; 
1879, p. 479; 1880, p. 1309; 1881, p. 1084), is a source of acetic and 
propionic acids, and under certain conditions also of caproic and valeric 
acids. Jensen (Von Freudenreich and Jensen, 1906, p. 320) and Troili- 
Petersson (1909, p. 333) have shown that the lactates in Emmenthaler 
cheese are fermented by organisms with the production of propionic and 
acetic acids and CO,. ‘Troili-Petersson has also shown that glycerin may 
be a source of propionic acid. 

In an extended investigation (Evans, Hastings, and Hart, 1914) of the 
flora of American Cheddar cheese it has been shown that the organisms 
fall into four groups, the Bactertwm lactis acidi, the B. casei, and two 
coccus groups. 

The substances produced by the coccus groups form the principal 
theme of this paper. Inaddition, data are given on the substances formed 
from two representatives of the Bacterium casei group. In the following 
work pure cultures of several of the coccus forms known to occur in 
American Cheddar cheese were inoculated into flasks containing 300 ¢. e. 
of sterile separated milk and kept at a temperature of 35° C. for at least 
two months before being examined. No alkali whatever was added to 
the milk. The high-acid-producing organisms (B. caset group) were 
also inoculated into flasks of milk similarly prepared and incubated. 
Each culture was put up in duplicate flasks. The methods of analysis 
used were those described by Suzuki, Hastings, and Hart (1910). All 
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flasks subjected to analysis were examined to ascertain their freedom 
from growth of other organisms. 

It has been observed that active lactic acid is the main form of this acid 
in fresh cheese curd, but that it rapidly changes to the racemic variety. 
In addition to the foregoing studies on substances formed by bacteria, this 
paper also includes some work done on the agencies which cause these 
changes in the form of lactic acid present in cheese and which take place 
during the earlier period of cheese ripening. 

In the preceding article (Evans, Hastings, and Hart) the presence of 
coccus forms in normal Cheddar cheese is demonstrated. It is shown 
that nonliquefying cocci which ferment lactose in milk cultures are 
always present, in percentage of the total bacterial content ranging 
upward to 50. The cocci are distinguished from the Bacterium lactis 
acidi group by their morphology and by the extent of reduction of litmus 
in milk cultures. In cultures of the B. lactis acidi group the cells are 
in pairs, and some or all of the cells are elongated; there is always a 
characteristic reduction of litmus. The cocci include those cultures in 
which the cells are spherical. The complete reduction of litmus beneath 
the surface layer, characteristic of the B. lactis acidi group, does not 
take place. 

A classification of the cocci occurring in this type of cheese is made. 
They are divided into two groups on the basis of morphology: Streptococci 
and micrococci. Those occurring in pairs are included with the strep- 
tococci, together with those which form chains of varying lengths. The 
microccocci are the Coccaceze which divide in two planes; consequently the 
cells appear in pairs, fours, or bunches. Most of the cultures of this group 
produce a heavy growth upon agar slant, which is often of some shade of 
yellow. A further differentiation of the groups into varieties is made on 
the basis of fermentation of the following test substances: Lactose, 
salicin, sucrose, glycerin, and mannit. This classification of the cocci is 
given in Table I. The substances produced by representatives of several 
of these varieties have been analyzed, and the data are presented in 


Tables II to X. 


TasLE I.—Differentiation of the coccus groups into varieties 


Production of acid in— 
Group. Variety. 7 
Lactose. | Salicin. | Sucrose. seins | Mannit. 
a = = = = = 
b + a te ae = 
Streptococcus...............-. i + 4 ae aE = 
d +- + aE aP =F 
: fe + + = = = 
Micrococcus................- c a6 ar ah fr = 
| d + + - - + 
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ANALYSIS OF THE DECOMPOSITION PRODUCTS OF STERILE MILK 


In Table II are given the quantities of the various substances found 
in 300 c. c. of the sterile milk after incubation for four months. 


Tanie Il.—Decomposition products found in 300 c. c. of sterile milk 


: [Computed in cubic centimeters of tenth-normal solution] 
Quantity. 
Substance. 
Flask r. Flask 2. Average. 
Total volatile Acids: cai. wis wereld e ves 11. 763 12. 567 12. 164 
Formic acid. 5. 748 5- 348 5. 548 
Acetic acid. 0.1.6 ie .ns 5. 566 6. 756 6. 160 
Propionic acid. forore) ooo - 000 
Butyric acid. .. - 000 = 000 = 000 
Caproic acid. ............ +449 + 403 + 456 
Acids from alcohols.......... 054 650 802 
Acids from esters 685 600 640 
Succinie acid’ nj. 2 cis cecats . + 000 = 000 . 000 
Ma Nol ot ka Etes t Paap otes Ca pe nein eine IRE canis . 0Cco - 000 - 000 
PRACHDUE LACE BEL sci sic g cicwee nu atc ars aisle bis wie | odlbvg eatery ellovorssiewisr ew edape Reta stun (etna 
RIVE LACTIS BCI ca raretciore nina soar araias qualactal Mes sine meen Le aie ses oem alent ain eeN em leas 


The occurrence of formic and acetic acid in the controls may be due 
to the decomposition of lactose in the process of sterilization. Formic 
acid, at least, has been observed in milk heated for some time at high 
temperature (Cazeneuve and Haddon). 

The cultures of Streptococcus b, (Table III) were 8 weeks old when 
analyzed. Little digestion of the medium wasapparent. The medium had 
a clean, sweet, fruity, or nutty taste and odor, was gray white in color, 
and somewhat slimy. This organism was present in the cheese to the 
extent of 10,000,000,000 per gram when isolated. The cheese was 77 
days old when examined. It had a very mild Cheddar flavor, which 
developed late in the curing, and it afterwards developed a good sharp 


flavor. 
TaBLE III.—Substances formed by the action of Streptococcus b, 


{Computed in cubic centimeters of tenth-normal solution] 


Quantity found. Quantity produced. 
Substance, at ee eee to Control. tr La aE 

Flask © Flask 2. | Flask r. Flask 2. 
—_ { —— ~ 
Total volatile acids.......... 52. 689 54- 930 12. 164 40. 525 42. 766 
Formic acid. ............... - 000 + 000 5.548 | —5. 548 —5. 548 
Acetic acid. ..............445 49. 920 50. 810 6. 160 43- 760 44. 050 
Fropionicvach. ci. scsnccsuey 2.575 4. 120 + 000 2.575 4. 120 
Butyric Aeid . 6.5 <ssan cena - 000 +000 COOR Teas ess csfuss causes 
Canroicaclds .c.cccjanesid sana - 194 + 000 SASOULS a siatatoc ais aieiardelraeits 
Acids from alcohols. . - 769 - 620 eeOE erie ocninigonisee Pearp Sis amen 

Active lactic acid, ........... 
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Streptococcus b, decomposed all the formic acid present in the milk 
and produced large quantities of acétic and a little propionic acid. 
Esters were produced in small amounts. No lactic acid was found. 

The cultures of Streptococcus b, (Table IV) were 11 weeks old when 
analyzed. In both flasks a soft curd was deposited. The contents of 
flask 1 had a sharp nutty odor and flavor. Flask 2 had a sharp, acid, 
unpleasant taste and a sharp, rancid smell suggesting butyric acid. 
The cheese from which the isolation was made was ror days old when 
examined. It contained this organism in numbers of 1,000,000,000 per 
gram. The cheese possessed a good Cheddar flavor when 2 weeks old. 
Later, a sharpness developed, but the cheese remained good for 6 
months. 

TABLE 1V.—Substances formed by the action of Streptococcus bz 


[Computed in cubic centimeters of tenth-normal solution] 


Quantity found. Quantity produced. 
Substance. ——————————— | Control. 
Flask 1. Flask 2. Flask 1. Flask 2. 

Total volatile acids.......... 49. 138 55. 152 12. 165 36. 973 42. 987 
Rormi¢iacid s.).cecwt< visse ls 3. 640 6. 333 5.548 | —r1. 908 - 789 
WACERCIACIC S575 areesoiclse etn 38. 370 41.059 6. 160 32. 210 34. 899 
Propionic acid. . vers 4.903 5. 138 - 000 4-903 5. 138 
Butyric acid... - 558 + 563 + 000 - 558 - 563 
Caproic acid........ 555 1. 667 2. 059 +456 Lait T. 603 
Acids f alcohols.......... 8. 607 3- 552 802 7. 805 2.750 
Acetic acid............5..0.. 8. 209 BELOW | cee wales te 7. 407 2. 385 
Propionic acid............... - 398 wi 305 |eacascw sale + 398 - 365 
Acids from esters. ; 

Total lactic acid.. 

Racemic lactic aci 

PACTIVONACTICACIC somes oie Me siie meUl isis wilsmlon nafs bsg ane dicclewecis dace afvactzas ses 


This form of coccus decomposed a part of the formic acid originally 
present in the medium. The increase in acidity was mainly due to 
acetic acid, but some propionic and a little caproic acid were also 
formed. The interesting point in connection with this organism, how- 
ever, was the strong production of alcohols, amounting to a quantity 
equivalent to nearly 8 cubic centimeters of decinormal acid. Most of 
this alcohol was ethyl, a little propyl alcohol making up the remainder. 
In one flask a marked production of esters was also noted. No lactic 
acid was produced. 

The cultures of Streptococcus b, (Table V) were 414 months old when 
analyzed. Flask 1 had a yellowish colored solution over a firmly depos- 
ited custard-like curd. The solution was acid to litmus and had a 
pleasant, slightly acid smell. The residue in flask 2 was less than that 
in flask 1 and was covered by a brown-colored solution which was acid 
to litmus. Its odor was similar to that of flask 1, but was more pro- 
nounced, giving a suggestion of cheese odor. 
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TABLE V.—Substances formed by the action of Streptococcus bs 


[Computed in cubic centimeters of tenth-normal solution) 


Quantity found. Quantity produced. 
Substance. ——————— (CONC 
Flask r. Flask 2. Flask 1. Flask 2. 
Total volatile acids.......... 88. 799 9°. 474 14. 530 74. 269 75.944 
HOrmic Acids oa sss caieiy veiw 3.153 . 000 8. 295 —5. 142 — 8.295 
IA COLIC ACTA Gio view eraivia eirionie 68. 190 69. 150 6.135 62. 055 63. O15 
Propionic acid.............. 10. 2 9: 97° + 000 10, 209 9. 970 
Butyrie atid, s5 cis sees at 2.090 3. 821 . 000 2. 090 3. 821 
Caproic acid..........- an 5.157 VALKK} - 100 5.057 7. 433 
Acids from alcohol. ... Be 7: 743 5.158 +375 7. 368 
Hormicacid japscca'ar sors omen #313 $}OOO|| saisiereieieibiers “303 


Acetic acid..... 
Propionic acid.... 
Acids from esters. . 
Formic acid......... 
ACEUC ACID aig ccsig cicise is 
Propionic acid. 
Cittio:acid. «. sieaws 
Total lactic acid... 
Racemic lactic acid ; 
Active lactic acid........... 


6. 533 
+ §22 


Ammonia ...........grams + O45 +052 - 023 - 022 


The data in Table V show the same general indications as the data 
in Table IV. A larger increase was shown in total volatile acidity. 
Comparatively a much greater increase was noted in the case of butyric 
and caproic acids. A greater increase was also evident in alcohol and 
ester production, ethyl alcohol and acetic acid in ester combination pre- 
dominating. A minute quantity of formic acid previously existing in 
ester compounds and also from methyl alcohol was recovered. Since 
probably only about 6.2 per cent of esters are recovered in the method 
used, the amount of esters actually found indicates a preexisting quan- 
tity of those bodies equivalent to 64.8 c. c. N/ro. This quantity is 
greater than the ester content of any cheese examined. If this organ- 
ism is an agent which produced esters in cheese, as the data indicate, 
it would, however, be subjected to inhibiting influences in the cheese 
mass and probably not be able to form esters in such great quantities as 
when in pure culture. 

The culture of Streptococcus d, (Table VI) was 24 months. old when 
analyzed. ‘The medium had a pleasant nutty odor and a slightly acid 
taste. A soft custard-like curd had formed; that in flask 2 showed the 
greater bacterial action, having a more acid odor, but the taste was simi- 
lar to that in flask 1. The curds were alike, with a clear supernatant 
liquid. ‘The cheese from which this organism was isolated was 133 days 
old and contained the organism to the extent of 170,000,000 per gram. 
It had a mild Cheddar flavor after 4 months of curing. 
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TABLE VI.—Substances formed by the action of Streptococcus d, 


{Computed in cubic centimeters of tenth-normal solution] 


Quantity found. Quantity produced. 
Substance. ] Control. a 

Flask. | Flask 2. Flask 1. Flask 2. 
Total volatile acids. .... 1g. 142 14. 530 4. 612 Lost. 
Formic acid........... = 000 82295) |) 8.295 Ifuew evnurnels 
Acetic acid. .......... 18. 310 |.. 6. 135 T2rL9 5) | ence eee 
Propionic acid........ - 692 = 000 + 0025 [Wate ee avs, 
Butyric acid.......... + 000 OOO) |S irerds ale |S eee aeicpie 
Caproicacid...... SAO Il aeateearctes eHEOO, [te a Orlerevoverate [ici wiv ietiar< 
Acids from alcohol. - 680 I. 000 cS 7 Sulack ek egy 0. 625 
Acids from esters. .. +915 «725 - 833 HORS Nira 6 ds tise ely 
RIEEICIMCICE ete ye ore tele ee ela |M a sos ole eal eis caters 84. 800 |...... Sista eave eeeieont 
Total lactic acid... Trace. OOO Se setae rae amare | SYR oer eas 
Racemic lactic acid Bee EY CIC PICEA Ca Fo ae ee 
PACTIVO@ JACUICIACIO Siete eects | nites neon faces spite cls almicle's sels oleae vain sie clad eeaueyaae 


All the formic acid was destroyed by this coccus, and but a compara- 
tively small quantity of acetic acid formed. The activity of this organ- 
ism was apparently slight; but slight traces of esters were found in one 
flask and no lactic acid in either flask. The apparent contradiction that 
there exists a larger content of acetic acid than total volatile acids is 
due to the destruction of formic acid. 

The cultures of Streptococcus d, (Table VII) were 2 months old when 
analyzed. They possessed a pleasant nutty taste and smell. No diges- 
tion was apparent. The contents of flask 2 had a trifle more pronounced 
flavor and odor than in flask 1, but were of the same quality. The cheese 
from which the organism was isolated was 75 days old and contained this 
coccus to the extent of 10,000,000,000 per gram. No typical Cheddar 
flavor had developed. After 5 months the cheese developed a sharpness 
in taste, but still was fairly good. 


TaBLe VII.—Substances formed by the action of Streptococcus d, 


[Computed in cubic centimeters of tenth-normal solution] 


Quantity found. Quantity produced. 
Substance. Control. 

Flask 1. Flask 2. Flask r. Flask 2. 
Total volatile acids.......... 58. 313 66. 664 14. 530 43. 783 52. 134 
Formic acid Reread sayy Secs 3a - 789 I. 029 8. 295 —7- 506 —7. 266 
Acetic acid. . 53-140 59. 530 6. 135 47. 005 53- 395 
Propionic acid............. 4.029 5. 700 + 000 4.020 5. 700 
BUCVOICIACIC nanos sch = + 000 + 301 n 
Caproic acid...... +355 + 104 
Acid from alcohols. - 800 + 765 
Acid from esters. ... +770 + 540 
Citticlatid® 20.co.ealep as anon t 7. 100 7. 100 
Total lactic acid............ - 000 + 000 
Racemicilacticiacid Moc wc .|.2- sae sa} sess aces 
IAC VEMECHICACION bream aslo] ied sale ietaie| sobr elae sips 
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This culture produced acetic acid almost entirely. As practically all 
of the citric acid had been destroyed, it may be assumed that this acid 
was in part the source of the acetic acid. That citric acid can be broken 
down by certain organisms has already been pointed out by Bosworth 
and Prucha (1910). 

The cultures of Micrococcus b (Table VIII) were 3/4 months old when 
analyzed. The flasks were alike in appearance and odor. ‘The cheese 
was 43 days old and had a mild Cheddar flavor when the isolation was 
made, ‘This organism was present in the cheese to the extent of 1,600,- 
ooo per gram. 


Tawie VIII.—Substances formed by the action of Micrococcus b 


[Computed in cubic centimeters of tenth-normal solution} 


Quantity found. | Quantity produced, 
Substance (ee eT Ep aa SOREL SIND Sere rere 
Flask 1. Flask 2. Flask 1. Flask 2. 
Total volatile acids. . 72. 785 67. 529 12. 164 60. 621 55. 365 
Formic acid. ......... : 4.857 3. 667 5. 548 
Acetic acid. ... 64. 305 59-740 6. 160 
Propionic acid........... 3-220 3-914 + coo 
Butyric acid. . ao . co - 000 + CO 
Caproic acid. . mera + 403 - 208 +456 
Acids from alcohol.......... . 409 Lost. - 802 
Acids from esters. ......... - 500 + 405 - 640 
Succinic acid. .......... . 000 + 000 + 000 
Total lactic acid........ ; 17. 1§2 + 00 + 000 
Racemiic lactic acid....... 3. 730 - 000 . 000 
Active lactic acid. ..... 13. 422 . 000 . CCO 


Acetic acid shows the only large increase among the volatile acids. In 
flask 1 a small quantity of lactic acid had developed. Most of it was of 
the active variety. 

The cultures of Micrococcus d (Table LX) were 134 months old when 
analyzed. Flask 2 showed from its appearance and odor further decom- 
position and probably more rapid growth of the organism than flask 1. 


Tasie IX.—Substances formed by the action of Micrococcus d 


{Computed in cubic centimeters of tenth-normal solution) 


| 


Quantity found. Quantity produced. 
Substance. haem =r a tas Control, CLOSE Pee 

} Flask x. Flask 2. Flask 1. Flask 2. 

| Fy 

Total volatile acids.......... 29. 482 26. 614 12. 164 17. 318 | 14. 450 
Formic acid..... : 2. 484 1. 316 5. 548 —3. 064 —4. 232 
ACEO ACIG, 65-44 soieedrisiem time's 8. 370 13. 295 6. 160 2.210 7.135 
Propionic acid. .............. 4- 540 4. 988 . 000 4. 540 4 988 
Butyric acid. Or iawtcictery tae 7. 811 2. 456 . CoO 7. S11 2. 450 
Caproic acid... meistiacs ch the 6.277 4. 559 - 450 5. 821 4. 103 
Acids from alcohol Pet hee" 1. 499 1. 752 . 802 - 697 +950 
Acids from esters............ +350 +450 GAO In iuig re ehartmeared esiotaenin cee 
MUCCINICACICS, . 55 acchs xae's as - 830 3: 300 00 830 3. 300 
Total lactic acid. ....... a 3-390 20. 856 = Coo 3- 396 20. 856 
Racemic lactic acid : = 000 IT. 940 . 900 000 11, 940 
Active lactic acid. .......... 3- 390 8. 916 [rate] 3- 396 8. 916 
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It will be noticed that formic acid has decreased. This will be found 
true for all the organisms studied, the acid probably being decomposed 
by the organisms themselves. In flask 1 the greatest increase is shown 
in the butyric-acid content. In flask 2, where greater decomposition 
and probably more rapid growth of the organisms occurred, the butyric 
acid is very much less, while the acetic acid has increased. This would 
indicate a decomposition of butyric acid to a lower acid, as Duclaux 
suggests in his theory of the formation of acids lower than butyric. All 
of the volatile acids, except formic, show an increase. A very small 
quantity of succinic acid was formed, but no esters and very little alcohol 
were produced. In flask 2 there was quite an amount of lactic acid, of 
which most was racemic. 

The substances formed by a third Micrococcus are given in Table X. 
This culture was not classified as to variety. It was isolated from a 
cheese when the latter was 44 days old and when the organism was 
present in numbers amounting to 100,000,000 per gram. After 5 
months this cheese developed a good Cheddar flavor. In both flasks the 
media were light brown in color and had a pleasant nutty odor and taste; 
they showed slight digestion and were but slightly acid to litmus. 


TasLE X.—Substances formed by the action of an unidentified Micrococcus 


{Computed in cubic centimeters of tenth-normal solution] 


Quantity found. Quantity produced 
Substance. eee ot eee ea tS CORTEGL:. At 
Flask r, | Flask 2. | Task: | Flask 2. 
Total volatile acids.......... 46. 058 52. 669 14. 530 31. 538 38. 139 
Formic acid. . ie - 000 - 000 8.295 | —8. 295 —8. 295 
Acetic acid. ...| 41.850 37- 060 6. 135 35.715 30. 925 
Propionic acid.............. 3-999 14. 886 + 000 3-999 14. 886 
BityriC acids. cian pane asso - 138 . 289 - 000 - 138 - 289 
Caproicacid................ - 081 +434 KOON sacs af ale ace] pasta ee 
Acids from alcohols......... +990 - 700 +375 +525 aga5 
Acids from esters............ I. 000 = 540 - 833 ALOT a Cee ise. 
Oiticacid eset. eee. S 80. goo 59. 240 Sa BOONES. ceases —25. 560 
Total lactic acid.... - 000 . 000 - 000 000 . C0 
Racemic lactic acid corel EartaecR nes Cee Rare Teas Meee een es Be 
PACT VENACHO ACIO reo leaks | vie miata | ars Vasc nfs saityaare'e vuflea oie 2 heeras SES aE Kes 


This organism produced quite a quantity of acetic acid and more 
propionic acid ‘than any other organism examined. No lactic acid was 
found. 

In order to determine the influence of the presence of alkali on tae 
character of the products formed, a flask of milk to which was added 
calcium carbonate was inoculated with one of the micrococci. The sub- 
stances formed were acetic, propionic, butyric, and caproic acids, but no 
formic acid. The proportion of these acids was very similar to that of 
the acid formed by Micrococcus d and would indicate that the alkali 
exerted no influence on the character of the substances formed. 


June 15, 1914 Ripening of Cheddar Cheese 3 203 


From a summary of all the foregoing data it appears that the coccus 
forms do not produce formic acid, and, with the exception of Micrococcus 
b and d, do not produce lactic acid. In the case of these two strains the 
form of acid produced was both active and racemic. With the exception 
of Micrococcus d all produce relatively large amounts of acetic acid. 
Streptococcus b, produced a fairly large quantity of butyric and caproic 
acids. 


SUBSTANCES FORMED BY ORGANISMS OF THE BACTERIUM CASEI 
GROUP 

In Tables XI and XII are given data showjng the substances formed by 
the action of a high-acid-producing organism, one of the Bacterium caset 
group. Duplicate flasks 58, and 58, were prepared from two strains of 
the same culture obtained from different colonies on an agar plate. The 
milk media at 714 months old were light yellow in color, and the curd had 
settled in a firm mass. Both flasks of 58, and flask 1 of 58, had a very 
faint acid odor. Flask 2 of 58, had a ripened-cream odor. 


TABLE XI.—Substances formed by the action of culture 58, 


[Computed in cubic centimeters of tenth-normal solution] 


| Quantity found. | Quantity produced. 
Substance. <n (Control, aay —— 

| Flask 1. Flask 2. Flask r. | Flask 2. 
Total volatile acids..........] 35. 128 38. 063 14. 530 20. 598 23- 533 
Formic acid Saou sts| . C00 1. 387 6. 295 4- 
Acetic acid. ...........--505. 33. 420 35- 760 6. 138 9 
Propionic acid. ............ 1. 708 - 916 - 000 °. 
Butyric acid .. - CoO - 000 = 0CO 
Caproic acid. = 000 - 0CO - 100 
Acids from alcohol. ...... - +250 Lost. «375 
Acids from esters............ - 800 Lost. +833 |... 
Citric acid. i enghe Sah . 000 +000 84. 800 | —84. Soo —84. Sco 
Total lactic ‘acid. ene Se 92. 648 99. 100 | . 00° 2. 648 QQ. 100 
Racemic lactic acid 44. 552 BIC B8OO) | oe w ana c's 44. 552 87. Soo 
Active lactic acid... ........ 48. 096 FX5 GOO (Pa sscnees 48. 096 II. 300 


TABLE XII.—Substances formed by the action of culture 58, 


[Computed in cubic centimeters of tenth-normal solution} 


Quantity found. Quantity produced. 
Substance, si, a aS so Control. 1 ae 

Flask x, | Flask 2. Flask 1. Flask 2. 
Total volatile acids. .........! 41. 675 40. 928 14. 530 27.145 | 26. 498 
Formic acid. ......4...06+ 005 3. 408 «984 8.295 | —4:887} —7.31r 
Acctic acid. ... 36. 130 31.990 6.135 29. 995 25.855 
Propionic acid. 2. 137 7-954 - 000 2.137 7.954 
Buityrie acid), .0i05 esewieesns e's = 000 + 000 COO VIN Wats 4 Rady aes 
Caproic acid. . eetiie e itt = 000 - 00O a TOON stesso Paeleeate ait 
Acids from alcohol - §00 +950 S378 |icwexnmacs[x es onic cart 
Acids from esters. I. 500 1. 0co - 833 - 667 | 1167 
Citric acid. . «000 + eco 84. 800 | —S84. 800 —84. Soo 
Total lactic ‘acid. "| 48. 540 39. 970 « 000 38. 540 39- 970 
Racemic lactic acid...... ae 41. 100 BO/LFO! i ence 41. 100 20. 170 
Active lactic acid.......... 7.440 TG BOD t en nivin's 7. 440 19. 800 
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This organism, as might be expected, shows a marked difference from 
the coccus group in the character of the substances formed. A large 
amount of lactic acid, including both the racemic and the active forms, 
was produced. All the citric acid of the milk was destroyed. Like the 
coccus forms, this organism also produced much acetic acid, but no 
formic, butyric, or caproic acid. Culture 58, produced some esters. 


ESTER FORMATION IN CHEDDAR CHEESE 


It has been determined that esters do not appear in Cheddar cheese 
until it is about 5 weeks old. Streptococcus b, (see Table V) produced 
an ester content in the medium equivalent to 64.8 c.c. N/1o. ‘To throw 
some light on the question whether esters could be formed in the cheese 
or medium from mere mass action of free alcohol and acid, a trial was made 
with a mixture of these two substances. It is known that the contact of 
acetic acid and ethyl alcohol can produce esters even without adding a 
dehydrating agent. Dilute solutions of pure acid and pure alcohol were 
mixed and allowed to stand for a few months, and then a very slight 
excess of KOH solution was added. The alcohol and esters were next 
distilled off. The distillate was saponified with KOH, acidified with 
H,SO,, and distilled repeatedly to obtain the acids which had entered 
into the ester combination. Blank determinations were carried out to 
check the purity of all chemicals used. The results are given in Table 
XII. 


TaBLE XIII.—Production of ester from the contact of acid and alcohol 


Ethyl alcohol. | Acetic acid. Result. 
| 
Per cent. Per cent. | 
I I No ester detected. 
2 2 | Small amount of ester. 
5 5 | Esters formed. 
8 8 Do. 
14 14 | Do. 


Table XIII shows that free acetic acid and alcohol can not form esters 
in dilute aqueous solutions. Comparing this concentration with thatfound 
in cheese, it is probable that the solution of alcohol in the cheese mois- 
ture is very dilute—much less than 1 per cent. ‘The greater part of the 
acids is also combined with basic substances. If these assumptions are 
accepted, then it can be said that the esters in cheese are probably not 
produced by mere contact of alcohol and acid but by the intervention of 
biological activities. 

Of course, the question of actual concentration of alcohol or acid in 
any phase in the cheese mass is not possible of definite statement. ‘There 
may be very little “free’’ water in the cheese, most of it being in com- 
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bination with the cheese colloids; consequently the concentration of 
acid or alcohol in such water may be very large, thereby affording an 
opportunity for ester formation by mass action. On the other hand, it 
must not be assumed that the alcohols or acids are “free’’ in such a com- 
plex system, but may also be in combination with the colloids of the 
cheese mass. If this last alternative is permissible—and the writers 
believe it to be true, especially for the acids—then there is some reason, 
at least, for the assumption that ester formation is not the result of mere 
contact of acid and alcohol, but occurs through the intervention of some 
agent which shifts the point of equilibrium in the system toward ester 
stability. 

To determine whether inherent milk enzyms acting in curing cheese 
could produce esters, alcohols, or volatile acids, a cheese was made 
from chloroformed milk and kept in an atmosphere of chloroform for 5 
months. ‘To determine the volatile bodies, 800 grams of the cheese were 
submitted to steam distillation, after acidifying with H,SO,. The entire 
analytical process was conducted as has been described. The results 
were negative, there being neither acids nor esters. This shows that 
inherent milk enzyms are not the cause of the production of volatile fatty 
acids and esters in curing cheese. From this experiment it is apparent 
that the inherent lipase in milk is either retarded in its action by chloro- 
form or else is very slow in its action. 


AMMONIA PRODUCTION IN MILK 


The origin of ammonia in ripening cheese had been ascribed by Bab- 
cock and Russell (1897, p. 161) and Babcock, Russell, Vivian,and Hastings 
(1899, p. 157) to the action of galactase. In further work on this prob- 
lem Van Slyke and Hart (1903) showed that in chloroformed cheese, where 
galactase and pepsin would be the only proteolytic agents present, no 
ammonia was formed. To throw further light on this problem, cultures 
of a few of the organisms known to be active in Cheddar cheese were 
examined for ammonia production. Milk was the medium used for these 
determinations. A part of this medium, in the case of the coccus group, 
was distilled directly with MgO. In the case of Bacterium caset, the 
medium was first treated with tannic acid and salt solution according to 
the standard methods for separation of the tannin precipitate, and the 
ammonia determined in the filtrate by distillation with MgO. In Table 
XIV are recorded the results. 
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Tas_eE XIV.—OQuantity of ammonia produced in 300 ¢. ¢. of milk by different organisms 


A .. Quantity of 
Organism. GONE | aNtiin |NHsformed 
found. control. Wearae 
Grams. Grams. | Grams. 
SMIENLOCOCCUS Dance caiive ee bey rites esha ce vei 0. 0220 0. 023 | 
» 0200 2 O23 [---- eee . 
Streptococcus b; +0450 . 023 | ©, 0220 
+0520 . 023 . 0290 
MEI CEOCOCCUS Mirani isis ale dicisie/s <riv\s,~ « - 0690 - 023 . 0460 
Bacterium casei - 0427 . 026 . 0107 
- 0382 +026 - 0122 
LORALIT CHSC A Meare aaa ays 49) eipls Sais Spies ws . 0367 - 026 - O107 
+0453 . 026 - 0193 


No large quantity of ammonia was formed by any of the organisms 
examined. The difference in the amount of ammonia produced by 
Streptococcus b, and Streptococcus b,—two strains of thesame variety— 
may. be due to the fact that Streptococcus b, grew for more than twice as 
long a time as did the other. It is clear from Table XIV that some of the 
biological agencies active in the cheese are capable of forming both acids 
and ammonia. 

KINDS OF LACTIC ACID IN CHEESE! 


In considering lactic acid and its changes in cheese, it will be remem- 
bered that lactose disappears from the cheese mass after a very few days 
of curing; subsequently the lactic acid increases up to the five weeks’ stage. 
At later periods the lactic-acid content fluctuates, probably the result of 
production and decomposition by active organisms. Thus, there seems 
to be a source of lactic acid other than lactose. A solution of alanin, one 
of the amino acids arising from casein proteolysis and very closely related 
to lactic acid, was inoculated with a piece of old cheese, in order to ascer- 
tain whether alanin could be a source of lactie acid (Suzuki, Hastings, 
and Hart, 1910). ‘The results were negative, but it is possible that either 
the nature of the solution or the age of the cheese was responsible for 
this result. Additional work on this point is necessary. 

It is known that cheese contains lactic acid, which usually is racemic 
in variety. It has been shown in the preceding article that Cheddar 
cheese 4 or 5 days old contains both racemic and active lactic acid, the 
latter being present in much greater amount than the former. The 
active form gradually decreases until it disappears, while the racemic 
acid increases and remains. It was found by Salkowski (1909, p. 237) 
that the transformation of dextro lactic acid into racemic acid on pro- 


1 The work reported in the remainder of this paper was completed before the classification of cheese 
orgugisms reterred toon page 195 and treated in detail in the preceding article entitled “ Bacteria concerned 
tm the production of the characteristic flavor of cheese of the Cheddar type” was adopted; consequently 
that classification is ignored in the following pages. 
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longed standing takes placein a meat extract suchas Liebig’s. In the 
curing of cheese the disappearance of active lactic acid, as well as the pro- 
duction of racemic lactic acid, takes place rapidly. The early stages 
of these phenomena were next investigated. 

Whey drawn from the vat during the process of cheese making and 
subjected to analysis for lactic acid gave the results shown in Table XV: 


Table XV.—Analysis of whey, showing quantity of lactic acid as zinc lactate 


Crystals of zinc} Water of crys- 


Fraction No ey taliisation | 

Grams Per cent 
Le Kits mya TiNia Ges arava AE Rares OSH Se Re REEMA we pislans amu Res Sate 2. 4587 13. 07 
Dey We eit Peo Narn aleutineies Perel ne via eras etaen alae etre 7902 12.27 


1 The theoretical percentage for water of crystallization in active zinc lactate ia 12. 89. 


Fresh curd from which the above whey was drawn was kept at 35° C. 
for 3 days and gave the following results (Table XVI): 


TaBLeE XVI.—Analysis of fresh curd, 3 days old, showing quantity of lactic acid as zinc 


lactate 
; C Crystals of zinc| Water of crys- 
rection’ No lactate tallization.! 
Grams. Per cent. 
Sia cdad versshiss Sac Wule lew bis Veins hires Teed aoliesistler. Sais 2. 0837 17-99 
Bignas Be esse ceca eaeiac res in 5s eid aassaa Meena ai SNe SIRS +1652 17-43 


1 The theoretical percentage for water of crystallization in racemic zinc lactate is 13.13. 


It is seen that whey contained active lactic acid, while curd or cheese 
only 3 days old and kept at 35° C. contained nearly all its lactic acid in 
the racemic form. It is probable that a second group of organisms fol- 
lows the early action of the predominating active lactic-acid producers 
in the cheese during the first 3 days. There is also a possibility that a 
somewhat different sequence of bacterial life occurs in the whey from 
that which takes place in the curd, with the result that active acid is 
produced in whey and the racemic variety in the curd. To settle this 
point, whey and curd were investigated for the forms of lactic acid 
occurring inthem. The results are given in Table XVII: 


Tasie XVII.—Analysis of whey and curd, showing the quantity of lactic acid as zinc 


lactate 
Whey when drawn. | Curd at hooping time. 
Fraction No. | i rs i im 
Crystals of Water of Crystals of Water of 


zinc lactate. | crystallization.| zinclactate. | crystallization. 


Grams Per cent. Grams. Per cont, 
©. 4570 13. 65 ©. 1974 12. 36 
1. 6520 LRSO!| ae ay oneness |e waren os 
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Table XVII shows that the whey and curd contained active lactic 
acid and had a similar course of fermentation during the very early 
stages. A different fermentation evidently took place in the cheese 
after pressing, but not in the curd stage. The next question that arose 
was, At what stage in the curing process did the production of racemic 
lactic acid take place? The data in Table XVIII show that racemic 
acid begins to appear very soon after going to press. 


TaBLe XVIII.—Analysis of whey, curd, and cheese, showing the quantity of lactic acid as 
zinc lactate 


Whey kept at 
7 _ | temperature of | « rs 
pa Hey ewes cure et oon curd and stood ShScEe 4 hours | Bosses hours 
= overnight in : | : 
Pressing room. 
Fraction No. 
; , 
Crys- Wat Crys- ys tes : pvater Crys, Water ; Water 
tals of ays tals of crys- Zinc crys- | t215Ol} crys. Zine ave 
zine 4 zinc lactate.| , zine lactate 
lactate. | *2!28- |iacrate talliza- talliza-| yo ctate. | talliza- talliza- 
“| tion. “| tion. thon. “| tion. tion. 


i 


Grams.| Per ct. |Grams.| Per ct. |Grams.| Per ct. | Grams.) Per ct. |Grams.| Per ct. 


©3044 | 13-00 13,05 | 0.0533 | 17-07 | ©1123 17-45 
+0000 |... 13-54 + 0846 17-37 1420 37.11 
13-47 | -1260 7-77] +5805 17-07 

312.96 | «2606 | 14.19 0565 14.69 

13-2 4555 13.63 


13-12 +4948 
13.53 a 


Whey when drawn, and also after standing overnight, contained 
active lactic acid. Curds at hooping time contained active lactic acid. 
One-day-oid and two-day-old cheese contains a mixture of racemic and 
active acid. 

The causes for the early production of racemic acid and the disappear- 
ance of active acid may be ascribed to a direct production by either 
enzyms or bacterial action of active acid which is of opposite polarity 
from that already present. 

In order to study the relation of enzymic action in curd to this prob- 
lem, the following experiment was performed: Curd at hooping time 
was divided into five parts. The first portion was immediately analyzed 
for lactic acid; the second portion was analyzed after standing 46 hours 
in the pressing room; the third portion was kept for 17 days at 35° C.; 
the fourth part was treated with chloroform and kept for 17 days at 
room temperature; the fifth portion was treated with chloroform and 
stood for 3 months at room temperature. The data secured on the 
nature of the Jactic acid produced are shown in Table XIX. 
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Table XIX.—Analysis of curd, showing lactic acid as zinc lactate 


Curd kept 17 Curd kept 5 
days with chlo-} months with 
roform, chloroform. 


Curd at hoop- | Curd kept 46 hours in | Curd kept 46 
ing time, pressing room. hours at 35” C. 


Fraction 


No. , = 
Water Water Zine Water Water Water 


Zine |ofcrys-| Zine | of crys- oxid in Zine |jofcrys-| Zine |oferys-| Zine | of crys 
lactate.| talliza- | lactate.) talliza- | \° eae, | lactate.| talliza- | Lactate | talliza- lactate.| talliza- 
tion, tion = tion. tion. tion. 


Grams.| P.ct. |Grams.| P.ct. | P.ct Grams.| P.ct. |Grams.| P. ct. 


Tos oO 1902 12.92 | 0 s6or 15.97 33.8 ©. 2637 12.96 | 0 1490 17-92 
a . «| +5854] 44.14 339 +0000 |. 14-13 
Sx - 2314 13.48 |.. mae 12.79 
4 . ° i. 12.73 
5 
6 
7 


In order to verify the results secured on the increase of racemic acid 
and the decrease of active acid in fresh cheese curd, as shown above, 
another sample of fresh curd was divided into three portions. One 
portion was examined immediately for lactic acid, another after 24 


hours, and the third portion after keeping at 60° for 48 hours. See 
Table XX. 


TABLE XX.—Analysis of curd and fresh cheese, showing lactic acid as zine lactate 


Fresh curd. One-day-old cheese. Two-day-old cheese. 
Fraction ; ' 
No. zine | Waterol) zie | zine | Waterol] zine | zine | Waterof] gine 
lactate, | Cr¥stalli-) Cxide, | tactate. | CrYstalli-| Oxia lactate, | Cr¥Stalli- | Qxia 
‘gees zation 7 z ws | zation, bm * | zation. - 
Grams, | Per cent.| Per cent.| Grams. | Per cent.| Per cent.| Grams. | Per cent.| Per cent. 
©. 2704 12.52 33.6 o 1750 17-19 32.7 1670 17-25 433-0 
+0617 11.80 334 +0975 12.20 343 +0457 17.07 33-2 
SOOOE Linas ceulemerne rane 0778 12.90 33-9 +1949 12.90 33-8 
Pie cueanlaee Raves .1Stg 12.30 33.8 2472 13.50 339 
+2133 12.00 33-6 .osst 12.00 340 
Total Pe Reese Pare n| +7186 se ltiaaceas 


The theoretical percentage for water of crystallization in racemic zine lactate is 13.18; in active zinc 
lactate it is 12.89 per cent. The theoretical percentage of ZnO in anhydrous zine lactate is 33.3 
Irom Table XX it is clear that in fresh curd, which contains active 
lactic acid, the production of racemic acid begins after about 24 hours at 
room temperature and that this production is accelerated by a tem- 
perature of 35° C. In the curd kept with chloroform for 17 days the 
production of racemic acid appeared to have been checked, while curds 
kept with chloroform for 3 months gave a small amount of the racemic 
variety. A parallel case was found by Saiki (1909) in the autolysis of a 
normal dog’s liver, even in a strictly sterile solution. In his experiments 
racemic lactic acid gradually formed. This enzymic action may be 
considered a partial cause of the appearance of the racemic acid. The 
question whether enzymic action decomposes the lactose of the curd 
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into racemic acid or causes a production of an active acid of opposite 
polarity to the acid already present has not been settled. It has been 
shown (Hastings, Evans, and Hart) that the Bacterium lactis acidi does pro- 
duce enzyms, and it may be that these enzyms are one of the factors in 
the production of racemic acid, although it is more probable that, because 
of the very slowness of the enzymic action, the real factor is an increas- 
ing number of active bacteria of different types from the B. lactis acidt. 

The question whether B. lactis acidi or its enzym is the cause of the 
disappearance of active lactic acid and the appearance of racemic acid 
must be considered. It is known that lactic acid isolated from a lactose 
solution inoculated with B. lactis actdi is active in variety and not racemic. 
Even after prolonged standing, the lactic acid is found to be active. 
For this reason it is not believed that B. lactis acidi is the direct cause of 
this change. To determine whether the enzym of B. lactis acidi is the 
cause of this transformation, a solution containing active lactic acid, 
formed by inoculation with this organism and after several days treated 
with toluol, was allowed to stand for 2 months at 35° C. At the end of 
this time all of the lactic acid isolated was found to be active in variety, 
as shown by Table XXI. 


TABLE XXI.—Analysts of a solution of toluolated active lactic acid, showing active lactic 
acid 


Water of 


ZINE Jactate. crystallization. 


Fraction No. 


Grams. Per cent. 
o. 1148 12. 98 

- 4812 12.96 
1. 0186 12.99 
1. 3713 13.06 


Further, it was thought possible that the kind of lactic acid produced 
by B. lactis acidt might be influenced by temperature conditions. In 
order to test this, a lactose solution containing 3.6 per cent of lactose, 
1 per cent of peptone, and ro grams of calcium carbonate to 300 c. c. 
of the solution was inoculated with this organism and put in the ice box. 
After 38 days the lactic acid isolated was found to be active in form 
(0.1303 gram of zinc lactate gave 13.04 per cent of water of crystalliza- 
tion); hence it is clear that low temperature does not change the direction 
of the reaction. 

The foregoing experiments Jead to the conclusion that the B. lactis 
acidi examined or its enzym, either in the presence or absence of anti- 
septics, is not the direct cause of the disappearance of active lactic acid 
and the appearance of racemic acid. Probably the same conclusion is 
applicable to cheese curd. 
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ACTION OF OTHER GROUPS OF BACTERIA 


Consideration must now be given to organisms other than Bacterium 
lactis acidi as an explanation of the change in optical activity of lactic 
acid in cheese. 

A yellow Micrococcus was isolated from cheese and inoculated into a 
lactose solution containing 5 per cent of lactose, 1 per cent of peptone, 
and ro grams of CaCO, to 300 ¢. c. of solution. After 48 hours of incu- 
bation, toluol was added. According to analyses made 72, 82, and 105 
days after adding the toluol, the quantity of lactose remained constant. 

Therefore, the yellow coccus, in this case at least, had no enzymic 
action on lactose in the presence of toluol. No lactic acid could be 
isolated from media similar to the above, inoculated with the same 
coccus, and incubated without antiseptics. This is further corroborative 
of the fact that the coccus group, as a group, is not a lactic-acid producer 
and consequently could have no large part in the lactic-acid changes 
observed in the curds. 

In order to ascertain whether the presence of the Micrococcus has 
some influence on Bacterium lactis acidi in the Jatter’s action on milk 
sugar, a mixture of the two bacteria was inoculated into a lactose solution 
containing peptone and calcium carbonate. The results show that active 
acid was produced, but not racemic acid, as 3.45 grams of zinc-lactate 
crystals were obtained, containing 12.96 per cent of water of crystalli- 
zation. It should, however, be remembered that in this group were 
found two strains (Tables VIII and IX) which could produce lactic acid 
on milk media. From the above experiment, where a Micrococcus was 
inoculated alone into a lactose solution, no lactic acid was obtained, but 
when this organism, presumably the same one, was inoculated into milk 
a quantity of lactic acid was produced. The ether extract from 300 c. ¢. 
of milk which had been inoculated with the organism gave over 100 ¢. ¢. 
of N/1o acidity. Upon neutralizing with Ba(OH), a voluminous pre- 
cipitate occurred. The filtrate from this precipitate required about 40 
c. c. of N/1to ZnSO, solution to take up the barium present. The solution 
of zinc salts was evaporated to a small quantity and allowed to stand in 
an ice box for crystallization. There was obtained 0.1031 gram of crys- 
tals, which contained 17.53 per cent of water of crystallization. As this is 
very close to the theoretical percentage of water of crystallization in 
racemic zine lactate (18.18 per cent), very nearly all of the lactic acid 
thus formed was racemic. It would be easy to infer that the organisms 
from the coccus group discussed above were able to produce very different 
end-products with some variation in the nature of the media. It is, 
however, more than probable that the organisms dealt with were distinct 
in type and physiological action and that the second coceus discussed 
was one of the strains capable of producing lactic acid. 
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The next organisms investigated with respect to forms of lactic acid 
produced were those which belong to the Bacteriwm caset group and 
which produce a much higher acidity than B. lactis acidi, although they 
grow more slowly than the latter. Several solutions of sterile milk and 
calcium carbonate inoculated with a culture of B. casei gave, on incuba- 
tion, levo-lactic acid, although Heinemann (1909), experimenting in the 
same direction with members of this group, obtained racemic acid. 
Another culture which was isolated from milk gave dextro acid instead 
of the levo form. These were evidently two different varieties of B. 
caset. They will be designated ‘“ Bacterium casei 1’ and “‘ Bacterium 
casei 2.” 

Bacterium. caset 2 was inoculated into 250 c. c. of sterile milk. Calcium 
carbonate was added, and the medium was allowed to stand for 7% 
months. ‘The liquid of the medium had almost evaporated at the end 
of that time, and crystals had deposited on the bottom of the flask. 
These crystals were purified by repeated crystallization and then dried 
in the desiccator. In the resulting product was found 18.07 per cent 
of calcium, the theoretical percentage of calcium being 18.34 for anhy- 
drous calcium lactate. Rough isolation of lactic acid gave about 0.900 
gram of zinc-lactate crystals. Fractional crystallation proved that it 
was active, the salt being levo-rotatory—that is, the free acid was dextro- 
rotatory. 

Pure cultures of Bacterium lactis acidi and B. caset and mixtures of 
these two cultures with and without calcium carbonate were examined, 
to determine the types of lactic acid present. 

Lactic acid was isolated. Its zinc salt was fractionally crystallized, 
and the water of crystallization was estimated in each fraction of crystals. 
See Table XXII. 


TABLE XXII.—Analysis of 300 c. c. of sterilized milk, showing production of lactic acid 
by Bacterium lactis acidi and Bacterium casei I 


I. | I. U1. Iv. 
Bacterium lactis 


erium lactis } Bacterium lactis acidia casei ‘ F 
Bact g ind B. casei Bacterium casei r. 


acidi. acidiand B, casei. with calcium car- 
Fraction No. | bonate. 
2 N 
Zinc Water of Zine Water of Zinc Water of Zine Water of 
lactate. | T¥St@l- | tactate. | Cf¥Stal- | toctate. | crystal- | tactate. | erystal- 
lization. * | lization. * | lization. as 1 lization. 


Per cent. | Grams. | Percent. | Grams. | Per cent. 


I 18. 06 4.40 18, 36 2.54 12. 87 
2 L725 3-30 12.75 +16 12. 88 
3- 3° 13.24 -16 12. 89 
Ane Be 
5-- % 
Pes sas ; 

ease 

Dextro- 

salt. 
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Bacterium lactis acidi produced levo zinc lactate, as has already been 
shown, and B. casez 1 gave dextro zine lactate. The mixture of the two 
gave racemic acid, as shown in section II. It may be that in curing 
cheese after pressing, factors similar to those used in these experiments 
are operative in the production of the racemic variety of lactic acid. 

The data in section III, which were obtained from the mixed culture 
of Bacterium lactis acidi and B. casei containing calcium carbonate, show 
racemic zine salt and also active acid, the latter being produced, no doubt, 
by B. casei 1, the activity of which continues after that of Bacterium 
lactis acidt. 

Another experiment, with Bacterium casei cultures 1, 2, and 3, the 
last-named being a pure culture supposedly of a different type from 1 
and 2, was carried out as in the previous experiments. The results are 
given in Table XXIII. 

TABLE XXIII.—A nalysts of medium consisting of 200 ¢. c. of sterile milk and 6 grams of 


calcium carbonate, showing the production of lactic acid from Bacterium casei 1, 2, 
and 3 


Culture 2. Cultures 1 and 2. | Culture 3. 
Usaction Mes Water of | | Water of Water of 
Zinc lactate. | crystalliza- | Zine lactate.) erystalliza- | Zine lactate.| crystalliza- 
tion | | tion. tion. 
Grams. Per cent. Grams. | Per cent. Grams. Per cent, 
TCE 3.40 12.91 | 13. 42 | 18. 00 2.12 12.94 
Ze 32 13.03 | art | 16. 14 4.19 15.12 
Bhrrctihtness 28 13. 00 | - 64 | 14. 09 Fico | pana A 
Aists ecdiale viene 6 - 00 . RE lo srntera: omen sea ece eo Montae defame ie 
ee —-— 
Levo-salt. | Dextro- | | Dextro- 
salt. | salt 
| | 


The data show that the mixture of Bacterium casei 1 and 2, which in 
pure cultures produce the two different active lactic acids, gives racemic 
acid with a slight excess of levo-acid produced by culture 1. This phe- 
nomenon might also take place in cheese ripening, producing racemic acid. 
Bacterium caset 3 produces dextro zinc lactate just as culture 1 does, and 
it also produces the same kinds of volatile fatty acids. Therefore, cul- 
ture 3 may have been identical with culture 1. 

From the foregoing experiments it may at least be concluded tenta- 
tively that the formation of racemic lactic acid in Cheddar cheese soon 
after going to press is due to the later development of organisms of the 
Bacterium caset group principally, together with the possibility that cer- 
tain forms of the coccus groups can likewise produce racemic lactic acid. 


SUMMARY 


(1) Representatives of the coccus groups of organisms isolated from 
Cheddar cheese when grown in milk produced large quantities of the 
volatile acids, particularly acetic acid. ‘These acids were produced from 
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citric acid or lactose or protein, as the medium was practically free from 
fat. These organisms did not produce formic acid. As they are present 
at times in very large numbers in cheese, they, no doubt, produce much 
of the volatile fatty acids which arise during the ripening process. 

(2) One of the strains of Streptococcus b was found to produce com- 
paratively large quantities of alcohols and esters—bodies which con- 
tribute in a large degree to the flavor of cheese. 

(3) A dilute solution of acetic acid and alcohol formed esters by mere 
contact, without bacterial action. In cheese, however, the dilution is 
probably too great for this manner of ester formation. 

(4) Lactic acid was generally not formed by the coccus groups. 

(5) The representatives of the Bacterium casei group examined gave 
results differing from those obtained from the coccus forms. They pro- 
duced no formic acid, but did form some propionic and much acetic acid. 

(6) These organisms produced a large quantity of lactic acid, both 
active and racemic, and decomposed the citric acid of the media. 

(7) Cheese made from chloroformed fresh milk did not yield any 
volatile fatty acids, showing that inherent milk enzyms are not capable 
of producing these bodies in any appreciable quantity. 

(8) Representatives of both the coccus and Bacterium casei groups 
were able to produce ammonia from milk. 

(9) Whey and fresh curds contained active lactic acid. Cheese 1 day 
old contained a mixture of active and racemic lactic acids. 

(10) The cause of the disappearance of active lactic acid and the 
appearance of racemic acid may be due to enzymic action, combined 
with the action of those bacteria which can produce both kinds of acid. 

(11) Some representatives of the Bacteriwm caset group produced 
levo lactic acid and others dextro lactic acid from milk. A mixture of 
these two varieties produced racemic lactic acid. A mixture of B. lactis 
acidi and a Jevo-producing member of the B. casez group gave racemic 
and active lactic acid. ‘The active acid was probably the result of the 
longer continued activity of B. caset. 

(12) Racemic lactic acid found in curing cheese may therefore be pro- 
duced in a small degree by enzym action, but more probably by the 
combined action of Bacterium lactis acidi and the organisms of the 
B. casei group. 
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